Currently, there is a limited amount of research exploring physical activity measurement tools in overweight and obese (OW/OB) children using pedometers. Thus, our objective was to determine the accuracy of one spring-levered (SC-T2) and two piezoelectric pedometers (NL-1000 and Piezo) in OW/OB children. Methods: A total of 26 boys and 34 girls (n = 60) participated. Pedometer step-counts were compared to observed step counts for walking (walking, stair ascent and decent) and hopping tests. Pedometer accuracies were compared with Friedman tests while Bland-Altman plots were used to establish the accuracy of each pedometer against direct observations. results: Boys (n = 26) and females (n = 34) were 96 and 91% OB, respectively. The two piezoelectric pedometers (NL-1000 and Piezo) were accurate for walking and stair climbing tasks, however all pedometers were inaccurate for hopping tests. Averaged over all three walking activities, the NL-1000 was the most accurate with 6.7% median error (interquartile range (IQR): 0.0-13.3); followed by the Piezo with 10.0% median error (IQR: 3.3-18.1); SC-T2 was the least accurate with −14.7% median error (IQR: −54.8-3.5). conclusion: These results support the use of the piezoelectric pedometers for walking and stair climbing types of activities, which are typical for OW/OB children in a nonlaboratory setting. c onsidering the increasing prevalence of obesity worldwide (1,2), obesity interventions should begin in childhood. Physical activity (PA), like other determinants such as dietary intake and socio-economic status, is an important factor that affects weight variation (3,4). Children (aged 5-17 y) should accumulate at least 60 min of moderate-to vigorous-intensity PA per day in multiple shorter bouts (e.g., 2 bouts of 30 min) (5). Activities that strengthen muscle and bone should also be performed at least three times per week (5). To meet current PA guidelines, children need to take approximately 12,000 steps per day (6), however research suggests only 9% of boys and 4% of girls meet this recommendation (4).
Objectively evaluating PA is critical when developing interventions and assessing their effectiveness, particularly when interventions promote PA (7) . Pedometers are generally considered robust, cost-efficient, and convenient objective PA assessment tools (8) . Although they do not measure duration of PA or intensity, studies have shown pedometers correlate with other objective measures of PA (9) . However, achieving accurate and reproducible PA estimates in overweight and obese (OW/OB) children is a challenge. Researchers need to be cognizant of the fact obese children may be subjected to bullying; wearing a pedometer may single them out further resulting in reduced compliance to wearing the device (10, 11) . It has also been suggested that their larger waist circumferences, not increased adiposity (12) , may cause an increased tilt angle thereby inaccurately recording steps (7, 10, 13) .
Currently, studies have investigated the accuracy of pedometers in controlled settings (i.e., walking on treadmills) in healthy children (9, (13) (14) (15) (16) , but this does not reflect activities that are typical in the free-living environment. Determining their effectiveness in accurately measuring activity if obese children embark upon sports involving jumping or stepping activities is necessary. Further, research to date is conflicting when comparing normal weight and OW/OB children. For instance, a small study (n = 27) found an approximate 25% (P < 0.001) less error in healthy-weight children (n = 16) compared to OW/OB (n = 11) using both piezoelectric (Omron HJ-105) and spring-levered (Yamax Digi-Walker SW-200) pedometers (13) . Contrarily, another study examining normal and OW/OB children (n = 85) found that BMI, waist circumference, and percent body fat did not significantly affect pedometer accuracy, but rather the style of waistband worn by children affected pedometer tilt angle and influenced accuracy (9) . Given the complexities in studying OW/OB children, a validation study is warranted to test the use of pedometers in this population. Therefore, the objectives of this study were to: (i) test the accuracy of pedometers to measure PA in a controlled yet home-like setting using different tests similar to habitual types of PA compared to observation; (ii) to compare the accuracy of three different pedometer models; and (iii) Participant characteristics are presented in Table 1 . The sample included 60 children aged 8.6 (8.0-9.3) years. There were no significant differences in mean age (P = 0.609), height (P = 0.594), weight (P = 0.614), waist circumference (P = 0.318), and A/G ratio (P = 0.702) between boys (n = 26) and girls (n = 34); though girls had a significantly higher %BF than boys (P = 0.008) and boys had a higher BMI-z than girls (P = 0.013).
Pedometer Accuracy
Pedometer accuracy is presented in Table 2 . There were significant main effects (P < 0.001) for the walking, stair ascent, stair descent, and double-legged hopping tests but not the single-legged hopping test (P > 0.05). To further confirm the walking test results, 13 additional participants completed a 100 step-test (~2 min) to simulate a longer bout of physical activity. Similarly, the percent error was significantly (P < 0.001) lower in the NL-1000 (0.0% error (−2.0-0.0)) and Piezo (−1.0% error (−2.0-0.5)) compared to the SC-T2 (100% error (77.5-100.0)).
The overall median percent error from all tests was 13.3% (3.3-27.3; IQR) for the NL-1000; 19.5% (7.5-35) for the Piezo; and 3.4% (−26.7-17.9) for the SC-T2. Using only the three walking tests (20 step walk, stair ascent, and stair descent), the NL-1000 was the most accurate (6.7% error (0.0-13.3)), followed by the Piezo (10.0% error (3.3-18.1)), followed by the SC-T2 (−14.7% (−54.8-3.5)).
Bland-Altman plots were used to determine levels of agreement between pedometer counts and observations for all 5 activities (Figures 1-3) . Overall, the NL-1000 and Piezo were very close in terms of level of agreement for each test performed, with a 1-step difference for four of five tests. The NL-1000 showed highest level of agreement for three of five tests (walking, stair ascent, stair descent), and the SC-T2 showed highest agreement for two of five tests (single-legged and double-legged hopping). However, the SC-T2 had very wide limits of agreement for each test; e.g., from −22.9 to 8.03
for the 20-step test. There were no statistical differences when assessing pedometer levels of agreement by gender or age (data not shown).
Correlations Between Pedometer Accuracy and Body Fat/Waist Circumference
Waist circumference was negatively correlated with stair ascent in the NL-1000 (r = −0.27, P = 0.035) such that a higher WC was associated with a more accurate pedometer count (driven by older males who had the highest WC and lowest error). There were no other significant correlations found between waist circumference and pedometer accuracy variables (r < 0.16, P > 0.281). There were no significant correlations found between %BF (r < 0.20, P > 0.155) and A/G ratio (r < 0.21, P > 0.115) among pedometer accuracy variables.
DISCUSSION
Although research has examined the accuracy of pedometers in children (9, (13) (14) (15) (16) , there is a lack of research examining the use of pedometers specifically in OW/OB children. Therefore, this study evaluated pedometer accuracy in OW/OB children and aimed to determine the accuracy of three types of pedometers in this population. Overall, the piezoelectric devices (NL-1000 and Piezo) were the most valid of the three pedometers tested on the basis of the level of agreement determined through Bland-Altman plots.
There are several factors that could explain the inaccuracies associated with the spring-levered (SC-T2) pedometers in OW/OB children. These pedometers function with a mechanical lever arm, thus if a child does not step with enough vertical acceleration, or if the pedometer is tilted beneath a larger waist circumference, steps may not be accurately counted. While healthy weight children spend approximately 77% of their time engaging in low intensity (VO 2 < 11 ml/kg/min) types of activities (17) , obese children tend to walk with even slower relative velocity and longer stance period between steps than normalweight individuals (18) . This may cause pedometer recording errors due to mechanistic limitations associated with springlevered pedometers (19) . Therefore, consistent with previous research evaluating OW/OB participants (9,12,13), caution This study demonstrated that the piezoelectric pedometers (Piezo and NL-1000) were more accurate than the springlevered pedometer in both walking and stair climbing tests. However, as seen with other studies, all pedometers used in this study were inaccurate during the hopping evaluations (20) . Although OW/OB children typically do not spend much of their active time engaging in vigorous-types of activities, this inaccuracy is particularly important to note as PA recommendations include engagement in daily moderate-tovigorous types of activities including weight bearing activity 3×/week (4).
Finally, the additional 100-steps walking test performed in this study found that the two piezoelectric pedometers demonstrated improved accuracy over the longer distance (100-steps) compared to the 20-step test. It is therefore possible that the error associated with the piezoelectric pedometers during the 20-step test may be reduced with increasing duration or number of steps and may thus accurately capture longer duration activities such as walking to the park or to school.
Strengths
This study included various types of tests characteristic of daily living activities and was conducted in a controlled research setting as well as the use of both piezoelectric and spring-levered pedometers. Unlike treadmill testing that restricts a child's movement, the tests performed in this study permitted for children to walk at their own pace and stride, encouraging usual displacement and acceleration at the hip (13) . As seen with other studies (12) , this study did not find any significant correlations with measures of adiposity (%BF, A/G ratio); only stair ascent was negatively correlated with measured waist circumference (driven by older boys with highest WC and pedometer accuracy). 
Articles
This study incorporated stair climbing and hopping exercises, of which hopping was considered to be an example of moderate-to-vigorous type of activity. Including hopping allowed for an evaluation of different movements other than walking that may affect pedometer accuracy in a controlled setting. To decrease bias and/or error, two observers counted steps and each test was performed twice. The sample size was fairly large (n = 60) as it included children between ages 6 and 12 y and focused solely on OW/OB individuals (93% of participants being obese).
Limitations
Although pedometers are simple devices, they are challenging to use in a consistent manner in children. The tests used in this study were over a relatively short time frame which could overestimate the potential measurement error, however considering the overall lack of PA performed by OW/OB children, these short intermittent types of activity are realistic. Each pedometer was worn during its own individual test and therefore was not exposed to the exact same stimulus. Further, multiple speeds were not employed as only self-paced walking was performed. Future studies that research childhood obesity and physical activity are warranted to thoroughly examine differences in pedometer accuracy with age. A final limitation was we did not test the pedometer units for reliability prior to the study.
Conclusion
This study suggests that although pedometers are convenient devices for measuring PA, not all pedometer technology is accurate in OW/OB children. Of the three tested in this study, the NL-1000 was the most accurate pedometer, followed closely by the Piezo, in measuring walking and stair climbing activities, which are typical of an OW/OB child's daily movements. The spring-levered (SC-T2) pedometer was the most inaccurate for all activities measured. All of the pedometers had a high level of inaccuracy when measuring hopping. This is a concern as children's PA recommendations include vigorous types of PA that may include hopping movements. Researchers and health care practitioners should take note of the potential 
Anthropometric Measurements
Height and weight were measured (in light clothing without shoes) using a stadiometer (Seca 214, Hamburg, Germany) and a calibrated balance-beam scale (Detecto, MO), respectively. An experienced investigator measured waist circumference using a standard measuring tape between the lowest rib and iliac crest at the level of the umbilicus (23) . Waist circumference percentiles were determined using the NHANES III data (24) . All anthropometric measures were made to the nearest 0.1 units. Percent body fat (%BF) and android/gynoid ratio (A/G ratio) were assessed using a fan-beam dual-energy X-ray absorptiometry (DXA) device (APEX version 13.3:3, Hologic 4500A Discovery Series, Bedford, MA). Both %BF and A/G ratio are valid parameters for body composition assessment in children (25, 26) . DXA quality control was performed throughout the study using the lumbar spine phantom (Hologic #14774), with coefficient of variability of 0.5% for bone mineral content and 0.3% for bone mineral density.
Accuracy Tests
All tests were performed twice (1 original and 1 repeat) using each of three pedometers (30 total tests): the SC-T2 (Diabeaters, Deep River, ON, Canada), NL-1000 (New-Lifestyles, Lees Summit, MO) and Piezo (Diabeaters) in random order. These three pedometers were chosen in order to test varying low cost pedometers and different mechanisms; these were also chosen as they are readily available to the general public. The SC-T2 functions via a spring-levered horizontal lever arm, while the Piezo functions via piezoelectric technology. The NL-1000 also uses piezoelectric technology and has been previously used in research as a relatively low cost and accurate step counter (12, 27, 28) . Pedometer step-counts were compared to direct observation by two observers (observer 1 and observer 2). Pedometers were positioned on the front of each child's trousers' waistband at the right hip in line with the foot and knee (29) . Pedometers were identically placed one at a time; a practice 20 step-test was used to both count steps while also observing for correct positioning. Children were encouraged to walk or perform activities normally as they would in the schoolyard or at the park for all three sessions. Different activities included walking (20-step test), stair ascent/stair descent, single-leg hop and double-leg hop. Between each test, children rested for 1-2 min.
The 20-step test had participants take 20 self-paced steps (~30 s in duration) in a straight line in the first floor of the research facility. Children were asked to walk like they would every day to "go to class", encouraging self-pace and stride, usual displacement and acceleration at the hip (13) . As the 20-step test had a duration of ~30 s, 13 children (6 boys, 7 girls) that were already recruited performed a 100-step test (~2 min) to simulate a longer bout of physical activity.
The stair ascent had participants climb a set of 14 stairs (~30 s), which would be typical of a standard house or stairs in a school. Children were instructed to alternate feet, stepping one foot per step and were permitted to hold the railing if necessary. The stair descent had participants walk down the same set of 14 stairs (~30 s) with the same instructions as the ascent.
To mimic free play types of movement patterns and skills, the single-leg hops test had participants hop from one foot to the other (side-to-side) over a vertical line of tape on the floor ten times (~20 s). The double-leg hops test has participants hop with both feet together (side-to-side) over the same line ten times (~20 s).
Statistical Analysis
Data was analyzed using observer one-step counts as there were no significant differences from observer 2 for all tests (P > 0.284). The mean differences between observer 1 and 2 were less than −0.07 counts (95% CI: −0.16 to 0.02) for each test.
Data was analyzed using SAS version 9.2 (SAS Institute, Cary, NC); statistical significance was set at P = 0.05. Normality testing using Shapiro-Wilk's W statistic revealed data was not normal; therefore, nonparametric statistics were used throughout the analysis.
As observation is the gold standard method (30) for counting steps taken (31), pedometer accuracy was calculated as: ((pedometer count -observed steps)/observed steps *100), where "pedometer count" are the steps recorded from the pedometer and "observed steps" reflect the number of observed steps counted by observers (15, 32) ; the equation is multiplied by 100 to evaluate pedometer accuracy as a percentage. Pedometer accuracy was calculated for all five tests. A score of 0% represented a perfect pedometer count of actual steps taken, a negative number represented an underestimation of actual steps taken, and a positive number represented an overestimation of actual steps taken.
Differences in pedometer accuracy, steps observed, and steps counted for each test were tested with a Friedman's test (nonparametric alternative to one-way ANOVA with repeated measures). To determine the level of agreement between pedometer and observer step-counts, Bland-Altman plots were created using GraphPad Prism version 5.04 (GraphPad Software, La Jolla, CA) where the difference (pedometer count -observed count) was plotted on the y-axis against the averaged step-count (pedometer + observed count/2) on the x-axis. In order to determine associations between body composition and pedometer step-count accuracy, Spearman correlations were computed between pedometer accuracy and each of: %BF, waist circumference, and A/G ratio. For body composition parameters, Wilcoxon-Mann-Whitney test were performed to determine whether or not the parameters differed between age groups. Two age groups were defined as part of the larger MY LIFE Study (i.e., young (6-8 y), older (9-12 y)) (Clinicaltrials.org: NCT01290016). Data is presented as median (interquartile range) unless specified. 
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